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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.0 4.0 52 6.4  fbl T 7.2 6.5 5.6 45 43 2.9 5.3
Min/Max | 2.6/32 3.6/44 4556 | 354/68 66/76 7.1/88 | 6679 5869 49/62 | 3.649 3036 24/30] 5056
Latitude -15 | Average | 4.7 5.5 6.2 6.9 %l 7.4 7.0 6.8 6.5 5.9 4.9 44 6.1
Min/Max | 3.9/5.1 4.9/6.1 53/68 | 58/74 6.6/7.6 6884 | 6577 6173 56/72| 44/66 42/55 3.6/49 | 58/6.5
Yadinde Average | 5.5 6.2 6.5 6.8 6.6 6.8 6.5 6.5 6.7 6.4 3.6 52 6.3
i Min/Max | 4.6/6.1 5.4/6.8 55/72|57/73 62/7.1 63/7.7| 60/7.1 58/7.0 57/73 | 47/72 4863 4.2/6.0 | 5.9/6.6
Latitude +15 | Average | 6.0 6.5 6.4 6.3 5.8 57 5.6 5.9 6.4 6.5 6.0 5.7 6.1
Min/Max | 4.9/6.6 5.6/7.3 54/7.1 | 53/68 54/62 53/6.5 | 52/62 53/63 54/70 | 4.7/74 5.0/6.8 4.5/6.7 | 5.7/6.5
90 Average | 5.7 5.6 4.7 3.7 2.9 2.5 2.6 32 4.3 52 5.9 55 43
Min/Max | 4.6/6.2 4.8/67 4.0/52 | 32/4.1 2730 2427 | 2428 2934 3747 | 3759 4461 42/67 | 3945

Solar Radiation

for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%

[ Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 4.9 6.2 7.6 9.2 10.0 10.8 9.8 9.0 8.3 7.0 52 45 i
Min/Max | 3.9/54 5.3/7.1 6.1/86 [74/102 88/109 97/123| 8.9/113 78/100 65/92 | 5080 43/59 3552 | 7.1/83
Latitude -15 Average 6.1 7.4 8.4 9.6 10.1 10.7 9.8 94 9.0 8.0 6.4 3.7 8.4
: < | Min/Max | 4.8/6.8 6.3/84 6.7/95 [7.7/107 89111 9.6/122| 8.9/11.4 81/103 7.1/10.0| 5.6/93 52/7.2 44/6.6 | 7.7/9.0
Tatitnds Average 6.8 7.9 8.7 9.6 9.8 10.3 55 9.2 9: 8.4 7.0 6.3 85
s Min/Max | 5.3/7.6 6.7/9.0 69/9.8 |7.6/10.7 8.7/10.8 9.2/11.7| 8.6/11.0 7.9/10.2 7.1/10.2| 5.8/9.7 5.6/7.8 4.8/74 | 7.8/9.2
1 atinde €15 Average 7.2 8.1 8.6 9.2 93 9.6 8.9 8.8 9.0 8.5 7.3 6.7 8.4
Min/Max | 5.6/80 6.8/92 6.8/9.7 |7.4/103 8.2/102 8.6/109| 8.0/10.3 7.6/9.7 7.0/99 | 58098 5982 5.1/7.9 | 7.6/9.1
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day). Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
D ANis Average T2 8.1 8.7 9.7 10.2 11.0 10.0 9.4 9.2 8.5 i 6.8 8.8
S5k Min/Max | 5.7/8.1 6.8/9.2 6.9/9.8 |7.7/10.8 9.1/11.2 9.9/12.5| 9.1/11.6 8.1/104 7.2/102| 5.9/9.8 5983 52/81 | 8.0/9.5
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 48 5.0 4.7 5.0 54 6.2 3.5 5.0 5.1 5.2 4.8 4.6 5.1
Horiz Axis Min/Max | 3.5/57 3.8/6.0 3.3/57 | 3.3/59 43/63 5.1/74 | 47/69 4.0/59 35/63 | 2.8/64 3558 32/50 | 44/57
1-Axis, N-S | Average 3.7 4.8 iy 6.9 74 8.4 74 6.7 6.3 55 4.0 34 3.9
Horiz Axis Min/Max | 2.6/46 3.6/59 3.8/69 | 46/83 5888 6999 62/94 54/81 4.2/80 | 3.0/7.0 2849 23/42 | 5.0/6.6
1-Axis, N-S | Average 5:3 6.2 6.5 12 7.2 79 7.0 0.8 12 0.8 5.6 5.0 6.5
Tilt=Latitude | Min/Max | 3.8/6.4 4.7/7.6 44/79 | 4886 5785 64/93| 5989 5581 4788 | 3785 4068 34/6.1 5574
9 Kl Average | 5.7 6.3 6.5 7.3 7.6 8.6 7.5 7.0 7.2 6.8 59 5.4 6.8
& Min/Max | 4.1/6.9 4.8/78 4.4/80 | 49/87 6.0/9.0 7.0/10.1| 6.3/9.6 35.6/84 47188 | 3786 42/7.1 3.7/6.6 | 57/1.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) 9.6 -5.3 0.2 1 10.2 152 18.3 16.9 12.7 6.4 -1.2 -8.1 5.1
Daily Minimum Temp -19.9 -15.1 -9.0 -4.7 04 5.0 8.8 7.4 2.6 -4.1 <109  -18.1 -4.8
Daily Maximum Temp 0.7 4.4 9.3 14.8 20.0 254 278 26.2 22.6 16.9 8.6 I8 14.9
Record Minimum Temp | -45.6 -37.2 -28.9 2211 -11.7 ) 1.1 -1.7 9.4 -23.3 -344 411 -45.6
Record Maximum Temp | 16.7 18.9 228 26.7 29.4 339 356 322 30.6 2 ) 2Ly 16.1 35.6
HDD, Base 18.3°C 866 663 563 | 398 252 97 23 54 170 371 585 818 | 4861
CDD, Base 18.3°C 0 0 0 0 0 3 22 9 0 0 0 0 34
Relative Humidity (%) 71 67 57 48 47 46 56 60 56 55 64 70 58
Wind Speed (m/s) 3.4 34 4.7 5.1 4.8 4.5 3.6 34 29 34 4.0 2.6 38
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Boulder, CO

WBAN NO. 94018

LATITUDE: 40.02° N
LONGITUDE: 105.25° W

ELEVATION: 1634 meters
MEAN PRESSURE: 836 millibars

Monthly Radiation (KWh/m?/day)

Variability of Latitude Fixed-Tilt Radiation
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 24 33 4.4 5.6 6.2 6.9 6.7 6.0 5.0 3.8 2.6 21 4.6
Min/Max | 2.12.7 2.8/35 3.7/50 | 48/6.1 51/7.2 5.7/7.8 | 56/74 52/66 40/55 | 3.1/42 23/2.8 1.9/23 | 43/48
Latitude -15 | Average 3.8 4.6 54 6.1 6.2 6.6 6.6 6.3 59 5.1 4.0 35 5.4
< 7 | Min/Max | 3.2/44 3.8/5.0 43/62|353/68 4973 55/7.6| 56/74 53(7.1 4667 | 40/58 3446 2841|4957
Latitiide Average 4.4 i 5.6 6.0 59 6.1 6.1 6.1 6.0 5.6 4.6 4.2 5.5
E Min/Max | 3.6/5.1 4.2/57 44/65|52/67 4.6/68 51/69| 52/68 51/68 4.6/68 | 42/64 39/52 32/4.8 5.0/5.8
Latitude +15 | Average | 48 53 5.6 5.6 53 52 53 55 58 5.7 4.8 4.5 53
Min/Max | 3.9/5.6 43/59 4.4/6.5 | 4.8/62 4.1/6.0 44/59 | 45/59 46/62 44/6.6 | 42/65 4.1/56 3.5/53 | 4.8/56
90 Average | 45 4.6 4.3 3.6 2.8 2.6 27 30 4.0 4.6 4.4 43 3.8
Min/Max | 3.6/54 3.7/5.2 3.5/50|3.040 2331 22/28)| 2329 2736 3.1/46| 34/53 3751 34/52 | 3.4/4.1

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors

with a North-South Axis (kWh/m?/day), Uncertainty +9%

Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average il 4.9 6.2 7.6 8.2 9.1 9.0 8.2 71 5.7 4.0 33 6.4
Min/Max | 3.0/44 4.1/55 4.6/74 | 6.2/87 62/100 74/109| 7.1/102 6.7/93 53/83 | 42/6.6 3.4/44 2.6/39 |57/69
Latitide <15 Average 4.8 59 7.0 8.1 8.4 9.1 8.1 8.6 7.9 6.7 50 44 %l
& Min/Max | 3.8/5.6 4.8/6.7 5.1/84 | 6.6/92 6.3/102 7.4/109| 7.1/103 7.0/9.8 5.8/92 | 48/78 42/57 33/52 | 6.2/7.6
L sfitside Average 52 6.2 1.2 8.0 8.1 8.8 8.7 8.4 7.9 7.1 535 4.9 T
Min/Max | 4.2/6.2 5.147.1 52/86| 6.692 6.1/99 7.1/104| 6.8/10.0 6.8/9.6 58/93 | 5.0/82 4.6/63 3.658 6.3/7.8
Latitiide +15 Average 3.5 6.4 b | i T3 8.2 8.2 8.0 7.8 T 57 3.2 T
[ Min/Max | 44/6.6 52/73 5.2/86| 63/89 5894 6.6/98 | 64/93 6592 56/9.1| 5083 4.8/6.6 3.8/62 6.1/7.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
a0 Average 5.6 6.4 7.2 8.1 8.5 94 9.2 8.6 8.0 7.1 50 3.3 74
Min/Max | 4.5/6.7 52/73 52/86 | 6.7/93 64/104 7.6/11.1] 7.2/10.5 7.0/98 5893 | 5.1/83 48/6.6 3.9/63 | 6.5/8.0
Direct Beam Solar Radiation for Concentirating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 35 3.7 37 4.0 42 5.0 4.9 45 44 43 3.6 34 4.1
Horiz Axis Min/Max | 2.3/4.6 2.8/45 2.1/48 | 2.9/50 2.9/57 335/64 | 3.8/6.l 34/54 28/55 | 2552 2.7/47 2.0/43 | 3.4/45
I-Axis, N-§ | Average 2.6 34 4.2 53 5.0 6.6 6.5 6.0 54 43 2.8 23 4.6
Horiz Axis Min/Max | 1.6/3.4 25/42 22/57 | 3.6/64 3.8/76 4885 | 4881 45/7.1 34/67 | 24/5.3 22136 1,330/ 3.7/5.1
1-Axis, N-S | Average 39 4.5 5.0 3.6 5.5 6.2 6.2 6.1 6.0 33 4.1 3.6 52
Tilt=Latitude | Min/Max | 2.5/5.1 3.4/55 2.7/6.6 | 3.8/6.8 3.7/75 45/80 | 4.6/7.7 4.6/7.3 3876 | 3.1/67 3.1/53 20/4.6 4.2/5.7
XA Average 4.1 4.6 5.0 5.7 58 6.8 6.7 6.3 6.1 5.6 43 4.0 5.4
o Min/Max | 2.7/54 35/57 2.7/6.6 | 3.9/69 4.0/79 4987 | 49/83 4875 3.3/7.6| 32/68 3.3/5.6 22/50 | 43/6.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.3 0.8 39 9.0 14.0 19.4 23.1 21.9 16.8 10.8 39 -0.6 10.2
Daily Minimum Temp -8.8 -6.6 -3.4 1.4 6.4 11.3 14.8 13.8 8.7 24 -3.7 -8.1 2.3
Daily Maximum Temp 6.2 8.1 11.2 16.6 21.6 274 212 29.9 249 18.1 11.4 6.9 I'h9
Record Minimum Temp = -34.4 -23.9 -18.9 5.6 -1.1 6.1 5.0 -8.3 -16.1 -22.2 -31.7 -34.4
Record Maximum Temp | 22.8 24.4 28.9 317 35.6 40.0 40.0 383 36.1 BT 26.1 239 40.0
HDD, Base 18.3°C 608 492 448 280 141 39 0 0 80 238 433 580 3344
CDD, Base 18.3°C 0 0 0 0 6 71 148 113 35 4 0 0 377
Relative Humidity (%) 55 36 54 50 52 49 48 49 50 49 56 56 52
Wind Speed (m/s) 3.7 3.8 4.1 44 4.1 3.8 3.6 35 34 34 3.5 3.6 3.8
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 25 34 4.5 5.7 6.2 6.9 6.7 6.0 | 4.0 2.8 23 4.7
Min/Max | 2.2/2.8 3.0/3.7 3.7/51 | 48/6.3 55/70 62/7.7| 6.1/74 52/67 43/58 | 32/45 25/3.1 20/25 | 4.5/49
Latitnde <15 Average 4.0 47 it 6.2 6.2 6.7 6.6 6.4 6.0 5.4 4.2 3.7 35
< | Min/Max | 3.2/4.6 4.0/52 4.3/6.3 | 52/69 55/7.1 6.0/7.4 | 6.0/7.3 5.5/7.1 49/68 | 40/6.1 3.7/49 3.04.3|51/57
Tatitnde Average 4.6 5.3 57 6.1 5.9 6.2 6.1 6.1 6.1 5.8 48 4.4 5.6
Min/Max | 3.7/54 4.4/57 4.4/67 | 5.1/68 52/6.6 55/6.8 | 5.6/6.8 53/69 49/69 | 42/6.6 4.1/57 35/52|35.2/59
Latitude £15 Average 5.0 54 5.6 5.6 32 5.3 5.3 5.6 39 5.9 3.1 4.8 54
Min/Max | 3.9/5.9 4.5/6.0 4.3/6.6 | 48/63 4.6/58 47/58 | 49/58 4.8/62 47/6.7 | 42/68 4.3/6.1 3.8/5.7 | 4957
90 Average | 4.7 4.6 4.2 35 27 2.5 2.6 32 4.0 4.8 4.6 4.6 3.8
Min/Max | 3.5/5.5 3.8/5.1 34/49 | 3.0/40 2530 23/26| 24/28 2835 32/45| 33/55 3856 37/54 | 3440
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
Axis Tilt (%) Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec | Year
0 Average 4.0 5,1 6.4 7.9 8.3 9.4 9.0 8.3 7.4 6.1 4.3 37 6.7
Min/Max | 3.1/4.7 44/57 4.7/7.7|63/9.1 7.0/98 80/10.8( 8.0/10.3 6.7/95 5787 | 43/7.1 3552 29/43 ] 6.1/7.1
Latitude -15 | Average - | 6.1 7.2 8.3 8.5 9.3 9.0 8.6 8.1 7.1 54 47 7.3
¥ Min/Max | 3.8/6.0 5.1/6.8 5.2/86 | 6.6/9.7 7.1/10.0 7.9/10.7| 8.0/10.3 7.0/9.9 6.2/95 | 49/83 44/64 3.7/56 | 6.6/1.7
Latinds Average 5.6 6.5 7.4 8.3 8.2 9.0 8.7 8.5 8.1 7.4 5.8 5.3 7.4
- Min/Max | 4.2/6.6 54/73 53/89 | 6.6/96 6.8/9.7 7.6/10.3| 7.7/10.0 6.9/9.7 6.2/9.6 | 351/87 4.8/7.1 4.1/62 | 67/7.8
Latitude +15 Average a9 6.6 7.3 7.9 Tk 8.4 8.1 8.1 8.0 s 6.1 5.6 7.3
Min/Max | 44/70 55/7.5 52/88 | 63/93 64/91 7.1/96| 72/94 6593 6.1/94 | 5.1/88 50/74 43/6.6| 6.5[7.7
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
| Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
4 fnis Average ) 6.7 7.4 8.4 8.6 9.6 9.2 8.6 8.2 7.5 6.1 5:7 77
[0 Min/Max | 44/7.1 55/7.5 5.3/89 | 6.7/9.7 7.2/10.1 8.1/11.0| 82/10.5 7.0/99 6.3/9.6 | 5.1/88 5.0/74 43/68 | 6.9/8.1
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 39 4.0 39 4.2 4.2 5.1 4.8 45 4.4 4.5 3.9 38 43
Horiz Axis Min/Max | 2.5/5.0 3.1/47 22/52 | 28/5.3 3.1/54 3.8/6.4 | 4.0/6.1 34/55 3.0/56 | 2.6/57 29/51 24/48 | 3.6/47
1-Axis, N-§ | Average 29 L 4.5 56 =T § 6.8 6.4 6.0 55 4.7 3.2 2.7 4.8
Horiz Axis Min/Max | 1.8/3.8 2.8/45 24/6.0 | 3.7/7.1 42(74 5.1/85 | 52/81 4474 3.6/7.1| 26/59 2342 16/35]|41/53
1-Axis, N-S | Average 43 4.9 53 5.8 5.6 6.4 6.1 6.1 6.2 5.8 4.5 4.1 5.4
Tilt=Latitude | Min/Max | 2.7/5.5 3.8/58 28/7.0 | 3.9/74 4.1/72 4.38/8.1 49f7.8 4575 4079 | 333 33589 2552 | 45159
7 Kaide Average 4.6 5.0 3.3 39 5.9 7.0 6.6 6.2 6.2 59 4.8 4.4 5.6
= Min/Max | 2.9/59 3.8/6.0 2.8/7.0| 39/75 43/76 5.2/87| 53/83 4.6/77 40/79 | 33/74 35/62 28/57 | 4.7/62
Average Climatic Conditions
| Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.8 0.0 29 8.0 13.0 18.3 21.6 20.2 15.8 9.9 32 -1.2 9.2
Daily Minimum Temp -8.8 -7.1 4.1 0.6 5.6 10.6 13.9 12.9 8.4 24 -39 -8.1 1.9
Daily Maximum Temp 5.2 7.0 10.0 15.4 20.4 26.1 29.1 274 23.1 17.5 10.4 57 16.4
Record Minimum Temp | -32.2 -32.8 -239 | -194 -6.1 0.0 5.6 6.1 -5.6 -15.0 222  -31.1 324
Record Maximum Temp | 22.2 244 L 283 339 37.8 378 37.2 344 30.0 25.6 25.0 3458
HDD, Base 18.3°C 623 513 477 310 168 48 3 10 91 260 453 606 3564
CDD, Base 18.3°C 0 0 0 0 0 48 103 67 14 0 0 0 233
Relative Humidity (%) 51 50 50 46 49 48 50 54 51 46 50 51 50
Wind Speed (m/s) 4.1 4.3 4.7 5:1 4.8 4.3 4.0 38 41 4.2 4.2 4.0 4,3
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainity £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.4 3:3 4.4 5.6 6.4 72 6.9 6.1 84 3.9 25 2.1 4.7
Min/Max | 2.0/29 2.7/39 38/50 | 5.0/6.0 56/72 66/82 | 64/74 53/68 44/56 | 3.1/44 20/3.0 L1823 ]| 45/49
taitids 15 Average Ay 4.6 5.3 6.1 6.4 7.0 6.9 6.5 6.1 5.2 38 34 5.4
= = | Min/Max | 2.9/49 3.6/56 4.4/6.2 | 54/6.7 5773 64/79 | 6373 55/72 5.0/6.7 | 3.9/6.1 2.7/4.7 2.6/4.0 | 5.2/5.7
totinade Average 43 5.2 5.6 6.0 6.0 6.4 6.3 6.3 6.2 5.6 43 39 55
¥ Min/Max | 3.3/5.8 3.9/63 4.5/6.6 | 5.3/6.6 54/68 59/72 | 59/67 53/69 50/68 | 42/6.6 29/55 29/47 | 52/58
Latitads 415 Average 4.6 54 55 5.6 53 55 55 5.9 59 - 4.5 4.3 5.3
Min/Max | 3.5/64 4.0/67 4.4/6.6 | 49/6.1 48/60 5.1/6.1 | 5.1/58 4.8/63 48/6.6| 42/68 3.0/59 3.1/51 | 50/5.6
90 Average 4.4 4.8 43 35 2.8 2.6 27 3.3 4.1 4.7 4.1 4.1 38
Min/Max | 34/6.3 3.3/6.2 33/54 | 3.1/3.8 26/3.1 2528 | 26/28 29/3.6 33/45| 33/56 26/55 3049 | 3.5/4.0
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Novy Dec Year |
0 Average 3.6 5.0 6.2 T 8.7 9.9 9.6 8.6 715 5.9 38 22 6.7
Min/Max | 2.8/49 3.7/6.2 4.8/7.3 | 6.7/8.8 7.3/102 9.0/11.7| 8.6/10.7 6.9/9.9 5.7/8.7 | 4.2/7.0 2.6/49 24/38 | 62/7.0
Letitnde-19 Average 46 5.9 6.9 8.2 8.9 9.9 9.6 9.0 8.3 6.8 4.7 4.2 13
¢ < | Min/Max | 3.5/6.4 44/74 53/83 | 7.1/93 7.4/104 9.0/11.7| 8.6/10.8 7.2/103 6.2/9.5 | 4.8/82 3.1/6.2 3.0/5.1 | 6.7/7.7
[ atitide Average 5,1 6.3 Tl 8.1 8.6 9.5 9.3 8.8 8.4 ) 54 4.6 7.3
: Min/Max | 3.8/7.1 4.7/7.9 54/85 | 7.0/93 7.2/10.1 8.6/11.3( 8.3/104 7.1/10.1 6.2/9.6 | 5.0/8.6 3.3/6.8 3.2/5.6 | 6.8/7.8
Letiode1s Average 5.9 6.5 r 3| 7.8 8.1 8.9 8.7 8.4 8.2 7.2 53 4.9 T3
i Min/Max | 4.0/7.6 4.7/82 53/8.6| 6.7/89 6.8/9.6 8.1/10.6| 7.8/9.8 6.7/9.7 6.1/94 | 5.0/87 3.4/7.1 34/60 | 6.6/7.7
Solar Radiation for 2-Axis Tracking Flai-Plate Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
5. Avis Average 54 6.5 7.1 8.2 9.0 10.2 9.8 9.0 8.4 73 54 5.0 7.6
i Min/Max | 4.0/7.7 4.7/82 54/8.6 | 7.1/9.4 7.5/10.5 9.2/12.0( 8.8/11.0 7.3/10.3 6.3/9.6 | 5.1/8.7 3.4/7.1 3.4/6.1 | 7.0/8.1
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis. E-W | Average 31 3.6 3.5 4.0 44 54 5.1 4.6 4.5 4.3 3.3 3.1 4.1
Horiz Axis Min/Max | 2.0/52 2.6/4.6 23/45 | 3.1/49 32/55 45/7.1 | 43/6.1 3.3/57 2854 25/56 1.7/48 1443 3.6/45
1-Axis, N-S | Average 23 32 4.1 53 6.0 73 6.9 6.2 5.6 44 2.6 Z1 47
Horiz Axis | Min/Max | 1.4/3.9 23/43 25/5.1 | 4.1/66 43/7.6 6.0/9.6 | 5884 43778 3370 | 2557 1438 0930 | 4.1/5.1
1-Axis, N-§ | Average 34 43 48 5.6 5.8 6.9 6.6 6.3 6.3 55 3.7 3.3 52
Tilt=Latitude | Min/Max | 2.1/5.7 3.1/5.7 3.0/6.0 | 4.3/6.9 4.2/74 56/9.1 | 55/80 44/79 37/78 | 3.1/72 2.0/54 15/4.6 | 45/5.7
2 Axis Average 37 44 4.8 5.3 6.2 7.3 7.1 6.5 6.3 5.6 39 35 54
Min/Max | 2.3/6.1 32/58 3.0/6.0 | 44/7.1 45/78 6.1/9.8| 59186 46/81 3.7/78 | 3.1)72 2.1/57 1.6/5.0 | 47/6.0
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -7.4 -3.6 12 5.8 10.8 187 19.2 17.9 13.3 1.3 0.2 -6.3 6.2
Daily Minimum Temp -15.7 -12.0 -6.8 -3.1 1.0 47 8.4 7.4 2.8 2.9 -8.1 -14.4 -3.2
Daily Maximum Temp 1.0 4.8 9:1 14.8 20.6 26.7 30.0 28.5 239 174 8.4 1.6 15.6
Record Minimum Temp | -46.1 -34.4 -26.7 | -19.4 -9.4 -33 -1.1 2.2 -8.9 -16.1 =289  -350 | -4e.l
Record Maximum Temp | 13.3 16.7 217 26.1 30.6 34.4 356 356 328 27.8 20.6 15.6 35.6
HDD, Base 18.3°C 797 614 532 375 234 91 14 40 153 343 545 764 4503
CDD, Base 18.3°C 0 0 0 0 0 11 42 28 g 0 0 0 84
Relative Humidity (%) 73 71 63 56 52 48 51 54 56 59 70 74 61
Wind Speed (m/s) 1.9 2.1 2.6 3.1 3.0 21 25 24 235 2.4 2.1 1.8 24
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Variability of Latitude Fixed-Tilt Radiation Grand Junction, CO
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Yesr
0 Average 2.5 35 4.6 6.0 7.0 7 74 6.6 5.5 4.1 21 2.2 5.0
Min/Max | 2.1/29 3.04.1 3.8/5.1 | 353/65 63/7.5 64/87| 7.1/7.7 57/7.1 45/60 | 3.1/45 22/32 1525 | 4.6/52
Latitude -15 | Average 3.8 47 55 6.5 7.0 T3 73 7.0 6.5 54 4.1 36 53
Min/Max | 2.9/4.8 3.9/58 4.3/63|57/72 63/7.5 62/84| 7.0/7.6 6.0/7.5 52/72 | 39/62 3.0/50 2.0/4.3 | 5.1/6.1
Latitids A_Vez'age 44 22 27 6.4 6.6 6.8 6.7 6.7 6.6 59 4.6 4.1 5.8
Min/Max | 3.2/5.7 42/6.6 43/66 | 56/7.1 60/7.1 57/7.6| 6470 57772 52/13| 42/68 3.3/58 23/51|5.1/6.2
Latitide +15 Average 4.7 5.4 5.6 6.0 5.8 5.8 58 6.1 6.4 6.0 49 4.5 5.6
Min/Max | 3.4/6.2 4.3/69 42/65 | 5.1/6.6 53/62 49/65 | 56/6.1 52/65 49/70 | 42/69 34/62 24/5.6 | 4.8/6.0
90 Average 4.4 4.7 4.2 37 3.0 2.9 2.8 3.5 4.4 4.8 4.4 4.3 2.9
Min/Max | 3.0/5.8 35/64 3.0/48 |32/40 29/32 2429 | 27729 3037 34/48| 33/56 3.0/57 22/53 ]| 3.3/43
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day). Uncertainty £9%
Axis Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 35 3.1 6.4 8.2 9.5 10.6 10.1 9.2 8.1 6.1 42 34 7.0
Min/Max | 2.7/48 3.9/65 44/75 | 7.0/94 7.7/105 83/12.4( 9.3/10.7 7.6/10.2 6.0/9.0 | 4.1/7.1 2.3/52 1942 | 6.0/7.5
Tattiintlic+ 18 Average 4.7 6.0 | 8.7 9.6 10.6 10.1 9.5 8.9 Tl 31 4.4 1.7
B T | Min/Max | 3.4/62 4.6/7.8 4.9/84 |7.3/10.0 7.9/10.7 8.3/12.3| 9.4/10.7 7.9/10.6 65/99 | 4.8/84 34/6.6 23/5.5 | 6.4/8.2
T atimde Average 82 6.4 3 8.7 9.3 10.1 9.8 9.4 9.0 7S 5:6 49 7.8
Min/Max | 3.7/6.9 4.8/84 49/87 | 7.2/99 7.6/104 7.9/11.9( 9.0/104 7.7/104 6.6/10.0| 5.0/8.8 3.7/7.2 25/6.1 | 6.4/83
Catibidi 1% Average 54 6.6 72 8.3 8.8 9.5 92 89 8.8 75 5.8 52 7.6
Min/Max | 3.8/73 4.9/86 4886|6996 7.2/98 7.4/11.1| 84/9.7 74/10.0 64/9.8 | 5.0/89 3875 2.6/6.5 | 6.3/8.2
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty £9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov De¢ | Yeur
ik e Average 5.5 6.6 T3 8.8 9.7 10.8 10.3 9.6 9.0 7.6 58 52 8.0
.- Min/Max | 3.8/7.4 4.9/8.6 5.0/87 |7.3/10.0 8.0/10.9 84/12.7| 9.5/109 7.9/10.7 6.6/10.0| 5.0/89 3.8/7.5 2.6/6.6 | 6.7/8.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 3.3 3.7 37 4.3 5.0 58 5.5 51 4.9 4.5 36 34 4.4
Horiz Axis Min/Max | 1.9/53 2.3/52 1.8/49 | 32/54 3.5/60 43/7.6| 48/62 3.7/58 3.0/59 | 26/56 2.1/52 1.2/4.7 | 3.3/4.9
1-Axis, N-S | Average 2.5 34 43 57 6.7 7.9 7.4 6.7 6.2 4.6 29 23 5.1
Horiz Axis Min/Max | 1.5/40 2.0/4.9 19/57 | 4.0/7.2 45/82 5.6/102( 6.3/82 4.7/79 3.7/73 | 25/58 1.6/42 0.8/3.3 ]| 3.7/5.6
1-Axis, N-S | Average 3:6 4.5 5.0 6.0 6:9 15 7.0 6.9 6.9 98 4.1 3.6 5.6
Tilt=Latitude | Min/Max | 2.2/5.8 2.7/6.4 23/6.6 | 43/7.5 44/8.0 53/9.6| 60/7.8 4.8/8.0 4.1/81 | 3.2/7.2 23/59 1.2/50] 4.1/6.2
Average 3.9 4.7 5.0 6.1 6.9 8.1 7.6 71 6.9 5.8 4.4 39 59
Min/Max | 2.3/6.3 2.8/65 23/6.6 | 43/7.7 4.6/84 5.8/104| 64/84 49/83 4.1/82 | 32/73 24/63 1.3/55 | 4.3/65
Average Climaiic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -3.9 1.4 6.3 11.2 16.7 224 26.0 249 19.4 12.6 4.7 -1.8 117
Daily Minimum Temp -9.7 -4.7 -0.4 3.6 8.8 139 17.7 16.8 11.6 53 -1.4 -74 4.5
Daily Maximum Temp 1.9 7.4 13.1 18.8 24.4 309 342 32.5 27.3 19.8 10.8 31 18.8
Record Minimum Temp | -30.6 -27.8 -15.0 | -11.7 -33 Ll 7.8 6.1 -1.7 -7.8 -18.9 -272 | -30.6
Record Maximum Temp | 15.6 20.0 27.2 294 350 40.6 40.6 39.4 36.7 Jil 239 17.8 40.6
HDD, Base 18.3°C 689 474 372 216 73 7 0 0 31 184 410 625 3082
CDD, Base 18.3°C 0 0 0 0 22 131 238 196 64 F ) 0 0 657
Relative Humidity (%) 70 60 50 40 36 29 34 37 20 46 58 68 47
Wind Speed (m/s) 25 29 3.6 4.1 42 42 4.1 3.9 3.8 3.4 3.0 < 35
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.7 3.6 4.7 6.0 6.7 74 T2 6.5 54 4.2 2 24 5.0
Min/Max | 2.3/29 3.2/39 3.9/52 | 52/65 6.1/73 G678.1 | 6.7/7.8 6.0/7.0 4959 | 3446 2.7/33 22/26| 4852
Latitade <15 Average 4.1 4.9 5.7 6.5 6.7 2 Tl 6.9 6.3 5.6 44 3.9 5.8
; Min/Max | 3.3/47 4.2/55 4.6/63 | 56/7.1 6.1/74 65/7.8 | 6.6/7.6 63/74 35.6/6.9 | 43/62 3.8/51 33/44 | 55/6.0
Fatiiide Average 4.8 5.4 6.0 6.4 6.3 6.6 6.6 6.6 6.4 6.0 5.0 4.6 3.9
Min/Max | 3.8/5.5 4.6/6.1 4.7/6.7 | 55/69 58/7.0 6.0/7.1 | 6.1/7.1 6.0/7.1 56/7.1 | 46/68 42/59 38/53 | 56/62
Latitide +1$ Average 52 5.6 39 6.0 3.6 5.6 o7 6.0 6.2 6.2 53 5.0 37
Min/Max | 4.0/60 48/64 4.6/66|352/65 5.1/6.1 5.1/6.1 | 53/61 55/65 54/68 | 46/69 45/63 4.1/58 | 53/6.0
90 Average 4.9 4.8 43 3.6 2.8 2.6 o) 3.5 4.2 49 4.8 4.8 4.0
Min/Max | 3.6/5.8 4.0/56 33/49|32/39 2630 2527| 26/28 3.1/35 3.6/46| 36/56 40/57 3.855 | 3.6/4.2

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day)

. Uncertainty +9%

Axis Tilt () Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 4.2 53 6.8 8.4 9.0 10.0 9.7 8.9 78 6.4 45 3.8 7.1
Min/Max | 3.2/48 4.5/6.1 50/7.8 | 6.8/94 7.8/103 88/11.3| 8.6/108 7999 66/9.0| 47/73 33854 3.1/44 6.6/7.5
Latitude <15 Average 33 6.3 75 8.9 9.1 9.9 A 93 8.5 7.4 5.5 4.9 .7
Y | Min/Max | 3.9/6.1 5.3/7.2 55/86 | 7.2/99 7.9/105 8.8/112| 87/109 82/103 7.1/9.8 | 54/85 4.7/6.7 4.0/57 | 7.2/8.2
Fatitie Average 5.8 6.7 T 8.8 8.8 93 94 o1 8.6 1 6.1 55 7.8
. Min/Max | 4.3/67 5.6/77 5.6/89 | 7.2/99 7.6/102 8.4/10.8| 8.4/105 8.1/10.1 7.2/9.9 | 5.6/89 5.1/73 44/64 | 7.3/83
Lutitnde ¥15 Average 6.1 6.9 Tl 8.5 8.3 8.9 8.8 8.7 8.4 7.8 6.3 58 .9
Min/Max | 4.5/7.1 57/79 55/88 | 6.9/9.5 7296 7.8/10.1| 7.8/98 7.7/9.7 7.0/9.7 | 5.6/9.0 53/7.7 4.6/6.8 | 7.1/82
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
3_Avis Average 6.2 6.9 7.8 8.9 9.2 10.2 9.9 9.3 8.6 7.8 6.4 5.9 8.1
Min/Max | 4.6/72 5.7/79 57/89 |7.3/10.0 8.0/10.6 9.0/11.5| 8.8/11.1 8.3/10.3 7.2/99 | 5.6/9.0 53/7.7 4.7/69 | 7.5/8.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 4.0 42 4.2 4.6 4.8 5.7 5.5 5.1 4.8 4.8 4.1 3.9 4.6
Horiz Axis Min/Max | 2.6/49 3.1/5.1 25/5.1 | 3.3/54 3.8/59 4.6/70 | 44/65 42/60 36/58 | 2858 3.0/53 27/50 | 4.1/51
1-Axis, N-S Average 31 39 4.9 6.1 6.4 e 72 6.6 5.9 4.9 33 2.8 32
Horiz Axis Min/Max | 1.9/3.8 2.9/48 2.8/6.1 | 43/73 4980 6.0/93 | 57/87 54/79 4474 | 29/6.1 2544 19/3.6|4.6/5.7
1-Axis, N-S | Average 4.4 5:1 3.6 6.4 6.2 7.0 6.9 6.7 6.6 6.1 4.7 42 5.8
Tilt=Latitude | Min/Max | 2.8/55 38/62 3.3/7.0 | 46/7.7 4.8/78 5.7/8.7| 55/83 55/80 4.9/82 | 3.6/75 3561 2953 |5.1/64
o Korig Average 4.8 52 37 6.5 6.6 7.6 7.4 6.9 6.6 6.2 49 4.6 6.1
il Min/Max | 3.0/59 3.8/64 3.3/7.0| 46/7.8 5.1/82 62/95 | 59/89 5.7/83 4982 | 3.7/16 3.7/65 3.1/58 | 5.3/6.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -1.2 1.7 5.4 11.0 16.2 217 251 2315 18.8 12.0 4.7 -0.5 11.5
Daily Minimum Temp 9.9 -6.9 =33 2:1 7.6 12.3 16.2 15.0 10.1 2.6 -4.3 9.2 )
Daily Maximum Temp 74 10.4 14.0 19.9 24.7 30.9 339 32.1 27.4 214 13.8 8.2 20.3
Record Minimum Temp | -33.9 -35.0 289 | -16.7 -3.9 2.8 6.7 4.4 -2.8 -10.6 -27.2 -31.7 -35.0
Record Maximum Temp | 25.6 272 30.0 339 36.7 422 41.1 40.0 37.8 344 289 28 422
HDD, Base 18.3°C 606 465 401 220 84 6 0 0 34 198 408 584 3007
CDD, Base 18.3°C Q 0 0 0 17 106 208 162 48 0 0 0 541
Relative Humidity (%) 60 56 51 45 47 46 49 ) 50 48 57 60 52
Wind Speed (m/s) 3.3 3.9 4.6 5.1 4.9 45 4,2 39 39 37 3.7 3.6 4.2
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